The CEF-4/9E3 gene is expressed aberrantly in chicken embryo ®broblasts transformed by the Rous sarcoma virus. This aberrant expression is dependent on transcriptional activation and on the stabilization of the CEF-4 mRNA. The characterization of the CEF-4 promoter indicated that three distinct regulatory elements corresponding to an AP-1 binding site, a PRDII/ kB domain and a CAAT box are involved in the activation by pp60 v-src . Several v-src responsive genes are controlled by AP-1 and members of the Ets family but few appear to be dependent on NF-kB. In this study we characterize the expression of genes regulated by NFkB in normal and RSV-transformed CEF. Run-on transcription analysis indicated that pp60 v-src induces the transcription of several genes controlled by NF-kB but at dierent levels. While the transcription of CEF-4 was strongly stimulated, that of NF-kB1, c-rel, p53 or IkB-a was activated more modestly by pp60 v-src . In addition the CEF-4 mRNA was the only mRNA species to accumulate signi®cantly in transformed CEF. The ectopic expression of RelA or Rel resulted in the stimulation of the transcription of several known targets of NF-kB. However, the mRNA for IkB-a was the only mRNA species to accumulate considerably in the RelAor Rel-expressing cells. Hence for most kB-controlled genes, transcriptional activation was not sucient to obtain a signi®cant increase in mRNA expression. Likewise, RelA or Rel enhanced the transcription of the CEF-4 gene without a signi®cant accumulation of the CEF-4 mRNA. However, transformation by v-src caused a massive accumulation of the CEF-4 mRNA but not of other mRNA species in the RelA-and Rel-expressing cells. Transient expression assays, run-on transcription and Northern blotting analyses indicated that the eect of pp60 v-src on CEF-4 expression was mediated predominantly at the post-transcriptional level in these cells. Therefore transcriptional and post-transcriptional me
Introduction
Mitogenic stimulation and the transition from the G 0 to the G 1 phase of the cell cycle is characterized by the transcriptional activation and transient expression of early and delayed immediate genes (Cochran et al., 1983; Almendral et al., 1988) . In cells transformed by tyrosine kinases such as pp60 v-src the activation of transcription factors is often sustained and several genes became aberrantly expressed (reviewed by . Dominant negative mutants of cjun or Ets inhibit the transcription of several genes of the G 0 /G 1 transition and block transformation by Haras and v-src (Lloyd et al., 1991; Granger-Schnarr et al., 1992; Langer et al., 1992; Bruder et al., 1992; Suzuki et al., 1994; Wasylyk et al., 1994) . In addition, ®broblasts expressing an activated Ha-ras protein but harbouring a homozygous null mutation of the c-jun gene grow to a normal saturation density in culture, are unable to form colonies in soft agar and are not tumorigenic in nude mice (Johnson et al., 1996) . Therefore the activation of AP-1 and Ets factors is important for transformation by non-nuclear oncoproteins such as pp60 v-src and p21
ras . The characterization of the nuclear targets of tyrosine kinases and cytoplasmic oncoproteins is thus critical for our understanding of cellular transformation.
In previous studies we have characterized the activation of the CEF-4/9E3 cytokine gene by pp60 v-src (BeÂ dard et al., 1987; . High and constitutive expression of CEF-4/9E3, the avian homologue of Interleukin 8, correlates well with transformation suggesting that the pathways responsible for the induction of this gene are also critical for the oncogenic action of v-src. The constitutive expression of CEF-4/9E3 is dependent on transcriptional activation and stabilization of the transcript (BeÂ dard et al., 1987; Sugano et al., 1987; Stoeckle and Hanafusa, 1989; Blobel and Hanafusa, 1991; . The characterization of the v-src-responsive unit (SRU) of the CEF-4 promoter indicated that at least three regulatory elements corresponding to an AP-1 binding site (or TRE), a PRDII/kB domain and a CAAT box are required for the induction by pp60 v-src . In RSV-transformed CEF, AP-1 is composed predominantly of the c-jun and fra-2 heterodimer (our unpublished results; Suzuki et al., 1994) and in agreement with a critical role in transformation, AP-1 has been implicated in the activation of numerous genes by pp60 v-src . In contrast little is known about the factors binding to the other elements of the CEF-4 SRU. The CAAT box of the CEF-4 promoter ®ts the consensus binding site for the C/EBP family of transcription factors. PRDII was ®rst identi®ed in the promoter of the human interferon b gene and shown to be essential for induction in response to viral infection. Later studies con®rmed that the NF-kB family of transcription factors bind to PRDII and control the expression of interferon b and other genes of the immune and in¯ammatory responses (Lenardo and Baltimore, 1989) . We now con®rm that the PRDII-binding complex of RSV-transformed CEF includes p50NF-kB1 and is sensitive (inhibited) by the expression of IkB-a or of a dominant negative mutant of p50 (Results).
Recent studies indicated that the long terminal repeat of HIV-1 is activated in a variety of cell types transformed by v-src. This activation is also dependent on the two NF-kB binding sites of the LTR (Bruder et al., 1993; Dehbi et al., 1994; Eicher et al., 1994) . It has also been reported that pp60 v-src induces the translocation of the p50/p65 heterodimer of NF-kB to the nucleus of T lymphocytes. However, despite these results, systematic searches have failed to identify other v-src inducible promoters controlled by NF-kB and, to our knowledge, that of CEF-4/9E3 (or mammalian homologues of CEF-4) and HIV-1 are the only ones in this category. In this study we addressed the question of selectivity in the induction of kB-controlled genes by pp60 v-src . We and others have observed that the activity and the expression of NF-kB members are low in CEF and that IkB-a is nearly undetectable in these cells (Capobianco and Gilmore, 1991; Hrdlickova et al., 1995; our unpublished results) . Therefore it has been dicult to study the mechanism of NF-kB activation in v-src transformed CEF. We have thus followed alternative approaches to study the expression of kBcontrolled genes. Genes controlled by NF-kB were identi®ed by expressing ectopically individual members of the NF-kB family. Gene expression was characterized by Northern blotting and run-on transcription analyses in normal and RSV-transformed CEF, in the presence or in the absence of a member of the NF-kB family expressed ectopically. Our results indicate that pp60 v-src enhances the transcription of a wide array of genes controlled by NF-kB but at dierent levels. While the transcription of CEF-4 was strongly stimulated by pp60 v-src , that of NF-kB1, c-rel, p53 or IkB-a was activated more modestly in RSV-transformed CEF. Therefore the activation of unrelated transcription factors may also be determinant for the expression of kB-controlled genes such as CEF-4. More importantly, transcriptional activation did not result in the corresponding accumulation of several mRNA species indicating that post-transcriptional regulation was also required for ecient gene expression. In agreement with this conclusion the transcription of the CEF-4 mRNA was strongly stimulated by the ectopic expression of RelA or Rel but did not accumulate signi®cantly in the absence of pp60 v-src . Transformation by v-src resulted in a massive accumulation of the CEF-4 mRNA but not of other mRNA species in CEF expressing RelA or Rel. Thus transcriptional and post-transcriptional levels of regulation account for the restricted expression of kB-controlled genes in v-src transformed CEF.
Results
The expression of CEF-4 is regulated by NF-kB in RSVtransformed CEF
The v-src responsive unit (SRU) of the CEF-4 promoter is composed of three regulatory elements corresponding to an AP-1 binding site, a CAAT box and a PRDII/kB domain . While AP-1 has been investigated intensively much less is known about the activation of factors binding to PRDII and CAAT in v-src transformed CEF. PRDII was originally de®ned in the promoter of the interferon b gene and shown to be the target of the NF-kB family of transcription factors (Lenardo and Baltimore, 1989) . To determine if the factor binding to the PRDII domain of CEF-4 is related to NF-kB, we examined the eect of antibodies generated against p50NF-kB1 in EMSA. Two nucleoprotein complexes were obtained when a PRDII probe was incubated with a nuclear extract prepared from SR-A RSV transformed CEF (Figure 1 ). The same complexes were observed with a nuclear extract prepared from normal, actively growing CEF (data not shown but see also . Competition with an excess of the homologous oligonucleotide but not of a modi®ed, mutant form of PRDII resulted in the complete disappearance of the slower migrating complex, designated complex I (lanes 2 and 3). Partial competition of the faster migrating complex (complex II) was also observed with both the wt and mutant oligonucleotides. Since the latter contains a mutation that abolishes the activation of the CEF-4 promoter by pp60 v-src , the activation of PRDII correlated with the presence of complex I . Pre-incubation of the nuclear extract with the p50NF-kB1 antibody resulted in a shift of complex I (asterisk in lane 5). This eect was speci®c because the pre-immune serum or the immune serum incubated with an excess of the antigen did not aect the migration of the complex (lanes 4 and 6). Therefore p50NF-kB1 is a component of the factor binding to PRDII in SR-A RSV-transformed CEF.
To determine if a factor of the NF-kB family is functionally important for the activity of the PRDII domain and CEF-4 promoter, we transfected a plasmid encoding a dominant negative form of p50NF-kB1 (Logeat et al., 1991) along with various promoter constructs in NY72-4 RSV-infected CEF (Figure 2 ). The expression of the dominant negative mutant reduced the activity of the CEF-4 promoter at the permissive and non-permissive temperatures suggesting that the NF-kB-like complex of PRDII is important for the activity of the CEF-4 promoter in both normal and RSV-transformed CEF (panel a in Figure 2 ). The eect of the dominant negative mutant was striking when a minimal promoter controlled by multiple copies of the PRDII or the HIV1 kB element was studied in place of the CEF-4 promoter (panels b and c, respectively). However, the activity of a similar construct controlled by three copies of the TPAresponsive element (TRE) was not inhibited indicating that the eect of the dominant negative mutant of p50 was speci®c (panel d, 3XTRE-TATA-CAT). We also investigated the eect of IkB-a expression on the activity or PRDII in the presence or in the absence of RelA expressed ectopically. These results are presented in Table 1 . The activity of the PRDII-controlled promoter was reduced by IkB-a in normal and transformed CEF but the repression was more potent at the permissive temperature (36% and 63% inhibition at the non-permissive and permissive temperatures, respectively). The ectopic expression of RelA led to a strong stimulation of PRDII which was Figure 2 Eects of a dominant-negative-mutant of p50NF-kB1 on the activity of the CEF-4 promoter. CEF infected by ts NY72-4 RSV were transfected with 2.5 mg of the Spe/CAT (a), 3XPRDII/CAT (b), 4XkB/CAT (c) or 3XTRE/CAT (d) promoter constructs in the presence of 7.5 mg of a vector expressing a dominant-negative-mutant of p50NF-kB1 (DSP) or the parental vector RcCMV (Logeat et al., 1991) . Levels of CAT activity were determined in cells maintained at the non-permissive temperature or transferred to the permissive temperature for 24 h. The results were quantitated in an Instant Imager and normalized for the value obtained at the non-permissive temperature in the presence of RcCMV (de®ned as one) The minimal promoter construct P3-TATA-CAT (2.5 mg) was co-transfected in NY72-4RSV infected CEF with 2 mg of an expression vector consisting of the human IkB-a cDNA under the control of the SV40 promoter/enhancer (pSVK3/IkB-a) or the parental vector (pSVK3). 2 mg of retroviral construct encoding RelA (RCASBP-RelA) or devoid of any insert (RCASBP) were also transfected with the CAT construct and expression vector of IkB-a (or the corresponding parental plasmid). The levels of CAT activity were determined at the permissive temperature (P) and the non-permissive temperature (NP) in duplicate samples. The deviation from the mean is indicated in parentheses. The eect of pp60 v-src is indicated by the ratio of CAT activity at the permissive and non-permissive temperature (P/NP). A value of one was assigned to the level of CAT activity in cells transfected with the parental vectors pSVK3 and RCASBP at the non-permissive temperature. All other levels of CAT activity were normalized for this value strongly inhibited by IkB-a in agreement with the notion that RelA is a target of this inhibitor (Baeuerle and Baltimore, 1988) . Taken together these results suggest that the activity of PRDII is controlled by an NF-kB-like factor in RSV-transformed CEF. This factor contains p50 NFkB1 and most likely an IkB-a sensitive protein. We did not detect the presence of Rel or p52 NF-kB2 in the PRDII complexes using polyclonal antibodies directed against the avian form of these proteins. The study of RelA awaits the availability of adequate antibodies capable to recognize the avian protein. Nuclear extracts of normal and RSV-transformed CEF yielded identical patterns of PRDII-binding complexes when compared side by side ; but see also Figure 6b ). However complexes I and II were more abundant in samples of RSV-transformed CEF as reported previously. RelB was not investigated in this analysis because it is known to be expressed predominantly in lymphoid cells (Siebenlist et al., 1994) . However, RelB was also identi®ed as an early immediate gene activated by serum in NIH3T3 cells (Ryseck et al., 1992) . Therefore we cannot rule out the possibility that RelB plays a role in the induction of the CEF-4 gene in chicken embryo ®broblasts. Since the activation of PRDII is sensitive to the action of IkB-a (Table 1) , it is unlikely that complex I is an homodimer of p50NF-kB1. Thus the identity of the partner of p50 remains to be established in these cells.
Expression of NF-kB factors in a replication-competent retrovirus
Genes controlled by NF-kB can be induced by the ectopic expression of individual members of the family and more particularly by RelA and Rel which contain a strong activation domain (Scott et al., 1993; Hrdlickova et al., 1995; Bull et al., 1990; Schmitz and Baeuerle, 1991) . To determine if any other known v-src inducible genes (known collectively as the`CEF genes'; Simmons et al., 1989) are regulated by NF-kB, the cDNAs for dierent members of the NF-kB family were inserted in the RCASBP retroviral vector (Petropoulos and Hughes, 1991) and expressed ectopically in CEF. Replication competent viruses expressing the avian p105NF-kB1, Rel, IkB-g or human p65RelA, p100NF-kB2 and Bcl-3 proteins were generated as described in Materials and methods. The expression of each factor was monitored by immuno¯uorescence and Western blotting analyses. Rel, RelA, IkB-g and p105 were localized predominantly to the cytoplasm ( Figure 3 ). p100 (or p52) was distributed equally between the cytoplasm and the nucleus while Bcl-3 was found predominantly in the nucleus. Nearly all cells showed expression of the recombinant factor although dierences in the level of expression were apparent within the population of infected CEF. A single immunoreactive band of the expected molecular weight was observed in CEF
Figure 3 Subcellular localization of NF-kB members in CEF. Indirect immuno¯uorescence was performed on CEF infected with a retrovirus encoding a member of the NF-kB family as described in Materials and methods. Nuclei were also stained with propidium iodide. As negative controls, antigen-neutralized antibody or pre-immune sera were used. For Rel, the antiserum was used on cells infected with the RCASBP (insertless) virus expressing Rel and RelA whereas IkB-g appeared as a doublet on Western blot ( Figure 4) . A single p105NF-kB1 protein was also detected with an antibody directed against the C-terminus of the protein (IkB-g) but mature p50NF-kB1 would have gone undetected in this analysis. The analysis of p50 in cells overexpressing NF-kB1 indicated that p105 remains largely unprocessed in these cells (data not shown). Cells infected with the NF-kB2 virus expressed proteins of 115 kDa and 52 kDa of molecular weight in agreement with the results of other investigators (Sif and Gilmore, 1993) . No such signal was obtained when the antibody was competed by an excess of the antigen suggesting that the 115 kDa and 52 kDa proteins correspond to the precursor and mature NF-kB2 gene products, respectively (data not shown). The peptide used to generate the p100NF-kB2 antibody is located in the N-terminus of the protein and is highly conserved in avian and mammalian species (25 identical residues in the 26 amino acid peptide). Thus, it is likely that the p52 band detected in the control cell population represents the endogenous p52NF-kB2 protein (lane 1). Cell fractionation and analysis of p52 and p100 NF-kB2 on Western blots indicated that both proteins are equally partitioned between the nuclear and cytoplasmic compartments (data not shown). Since the precursor form is more abundant in these cells we conclude that the nuclear signal observed in Figure 3 is accounted largely by the presence of p100 NF-kB2 in the nucleus. We also generated viruses encoding the N-terminus of NF-kB1 and NF-kB2 but were unable to detect the expression of p50 or p52. Viral replication was also poor with these constructs suggesting that overexpression of the mature form of NF-kB1 and NF-kB2 is deleterious to the cells (data not shown). The expression of Bcl-3 resulted in the accumulation of multiple gene products. A similar pattern has been reported in Cos cells and therefore does not appear to be species or cell-speci®c (Zhang et al., 1994) . There were striking eects on the morphology and proliferation of infected cells. For instance, cells expressing RelA were¯atter and grew more slowly. CEF infected with the c-rel virus were characterized by the presence of protruding extensions of cytoplasm and grew in anarchic patterns. CEF expressing Bcl-3 divided more rapidly and reached a greater saturation density. A more extensive characterization of these phenotypes will be presented elsewhere (Cabannes and BeÂ dard, manuscript in preparation).
Activation of kB-controlled genes by pp60 v-src
The expression of several genes activated by pp60 v-src (CEF genes; Simmons et al., 1989) or known to be regulated by NF-kB was examined ®rst in CEF infected by a recombinant NF-kB virus. Northern blotting analysis indicated that the expression of CEF-4, NR-13 (a member of the Bcl-2 family; Gillet et al., 1995) and of the endogenous p105NF-kB1 was stimulated modestly (about twofold) in cells overexpressing RelA or Rel (Figure 5a ). In contrast, the expression of IkB-a was stimulated considerably by the expression of RelA and Rel in agreement with the report of other investigators (Scott et al., 1993; Sun et al., 1993; Hrdlickova et al., 1995) . No signi®cant activation of the v-src inducible genes CEF-5 (Egr-1), CEF-10 (a member of the family of IGF1 binding proteins) or CEF 147 (prostaglandin synthase) was observed in any of the infected cells (data not shown). Therefore few genes were activated signi®cantly by the ectopic expression of potent trans-activators of NF-kB such as RelA and Rel in CEF.
We then analysed the expression of kB-controlled genes in CEF infected by a temperature sensitive mutant of RSV. Two such mutants, NY72-4 RSV and LA90 RSV, were used in these studies; all results were the same for both mutants (data not shown). The coinfection with a strain A and a strain B virus allowed for the characterization of gene induction in cells expressing a temperature sensitive mutant of pp60 v-src and a factor of the NF-kB family. The results of immuno¯uorescence analyses indicated that nearly all cells expressed pp60 v-src and that a majority (70% or greater) expressed both the NF-kB factor and pp60 v-src . This result was also con®rmed by Western blotting analysis (Figure 4) . In all instances, the expression of the NF-kB factor was comparable in co-infected cells and in cells singly infected by the NF-kB virus (compare lane 2 to lanes 3 and 4).
The activation of the thermolabile pp60 v-src resulted in the induction of CEF-4 and, to a lesser extent, of NR-13 which has also been described as v-src inducible (Gillet et al., 1995 ; lanes 1 and 2 in Figure 5b ). In contrast, the expression of NF-kB1, IkB-a, c-rel, c-myc and p53 was not aected by pp60 v-src ( Figure 5b and data not shown). This result is consistent with the notion that few kB-controlled genes are responsive to v-src transformation. To con®rm this observation, we then turned to the analysis of gene expression in cells expressing the ts pp60 v-src and a factor of the NF-kB family. The activation of pp60 v-src resulted in a modest induction of NF-kB1, NR-13, c-rel and IkB-a in CEF expressing RelA but not Rel. In contrast, there was a marked induction of the CEF-4 mRNA by RelA and Rel but only in the presence of a transforming pp60 v-src . The level of the CEF-4 mRNA at the permissive temperature was superinduced 15 ± 30-fold by the ectopic expression of Rel and RelA, respectively. Thus according to this analysis, RelA and Rel contributed signi®cantly to the activation of CEF-4 by pp60 v-src . The eect of RelA and Rel overexpresion on the accumulation of the IkB-a, p105NF-kB1 and CEF-4 proteins was investigated by Western blotting analysis and metabolic labelling followed by immunoprecipitation. In agreement with the conclusions of other investigators, the expression of RelA and Rel resulted in a marked increase in the level of IkB-a protein in the cytoplasmic compartment of the cell (Figure 6a ).
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Likewise, p105 NF-B1 accumulated in RelA and Rel expressing cells. There was a more modest accumulation of p50 suggesting that processing of p105 was limiting in these cells (Figure 6b ). Western blotting analysis indicated that the level of the CEF-4 cytokine was also increased by the co-expression of RelA, Rel and pp60 v-src . However, the accumulation of the CEF-4 protein did not re¯ect the super-induction of the CEF-4 mRNA described above (data not shown). To explain this discrepancy, CEF co-infected with the RelA or Rel virus and ts RSV LA90 were metabolically labelled with [ 35 S]methionine at dierent times after transfer to the permissive temperature and the synthesis of the CEF-4 cytokine was examined by immunoprecipitation of proteins recovered in the extracellular medium. The activation of the thermolabile pp60 v-src kinase increased the synthesis of CEF-4 in the presence of RelA or Rel but did not result in a considerable overexpression of the cytokine (compares lanes 8 and 9 with lanes 14 and 15 for RelA-expressing cells). The analysis of proteins in the cell extract ruled out the possibility that CEF-4 was not secreted eciently in these cells. Therefore, the expression of the CEF-4 cytokine may be regulated at the translational level. We did not pursue the characterization of CEF-4 synthesis.
The results described above were con®rmed in CEF stably transformed by the wt virus SR-A RSV. Again if one excludes CEF-4 and NR-13, no signi®cant induction of the kB-controlled genes was observed in these v-src transformed cells. We did observe however a modest 2 ± 3-fold accumulation of the IkB-a mRNA in SR-A RSV transformed CEF (data not shown). Interestingly, the ectopic expression of Bcl-3 and to a lesser extent other ankyrin-containing NF-kB factors caused a signi®cant decrease in the level of the IkB-a mRNA (Figure 5a and b) .
Post-transcriptional control of CEF-4 expression
The synergistic action of RelA/Rel and pp60 v-src on the expression of the CEF-4 mRNA was investigated in Northern blotting analysis of mRNAs for kB-controlled genes in CEF expressing a member of the NF-kB family ectopically. Ten micrograms of total RNA extracted from cells infected with the dierent NF-kB-expressing viruses (as indicated above) were probed with the cDNA for several potential kB-controlled genes (as indicated on the left). The glyceraldehyde phosphodehydrogenase (GAPDH) mRNA was used as an internal standard. (a) Shows the expression of the mRNAs in singly infected cells while the analysis of (b) depicts the expression in CEF co-infected with ts pp60 v-src LA90 at the non-permissive (7) and permissive temperature (+) several experiments. The interaction of RelA and Rel with PRDII was ®rst examined in electrophoretic mobility shift assays (EMSA). Several complexes were formed when nuclear extracts prepared from CEF infected with the RelA or Rel virus were incubated with a radiolabelled PRDII probe (arrows in Figure  7a ). These complexes were speci®c as determined by the competition with an excess of the unlabelled homologous oligonucleotide. Moreover they contained RelA or Rel as demonstrated by the position of the complex after incubation with a speci®c antibody (arrowheads in Figure 7a ). The competition with an excess of the antigen con®rmed that the RelA supershift was speci®c. p50NF-kB1 was also detected in the Rel complex(es) and in complex R-II (observed with the RCASBP-RelA nuclear extract; Figure 7b ). However complexes R-I and R-III were shifted by the RelA but not by the p50NF-kB1 antibody. None of the RelA complexes were aected by the addition of antibodies against Rel or NF-kB2 suggesting that they represent the homodimer or heterodimer of RelA and p50NF-kB1. Complex R-III was often variable in intensity and may be the result of the partial degradation of RelA. Antibodies against NF-kB2 had no eect on the Rel complexes (our unpublished observations).
Surprisingly, there was no dierence in the nature or mobility of these RelA and Rel complexes in v-src transformed CEF although their abundance was enhanced modestly by the activation of a thermolabile pp60 v-src (Figure 7a ). There was no signi®cant nuclear translocation of RelA or Rel which remained largely cytoplasmic in the presence of pp60
v-src at the permissive temperature. Using Western blotting analysis, we also examined the level of the IkB-a protein which is easily detectable in these cells because it is induced by RelA and Rel. Again we found no signi®cant dierence in the steady state level of IkB-a at the permissive and non-permissive temperatures and observed no change in the mobility of IkB-a on gel (data not shown). Likewise the activation of pp60 v-src did not enhance the processing of p105NF-B1 in cells overexpressing RelA or Rel (Figure 6b ). Thus although RelA and Rel can be detected in these nuclear extracts, the activation of pp60 v-src did not lead to a major change in the level or nature of the PRDII binding complexes in these cells. Interestingly, complex I observed in normal and SR-A transformed CEF ( Figure 1 ) comigrated with complex R-II of CEF infected by RCASBP-RelA (Figure 7b and data not shown). Since complex II was supershifted by the p50NF-kB1 and, to a lesser extent, by the RelA antibody, it is possible that complex I is composed in part of the well characterized heterodimer of NF-kB (i.e. the p50/p65 dimer). A more de®nitive characterization of complex I awaits the availability of adequate antibodies for the avian RelA protein.
We then analysed the activity of the CEF-4 promoter in CEF expressing RelA or Rel and a temperature sensitive mutant of pp60 v-src . This experiment was done by co-transfecting a CAT construct of the CEF-4 promoter (Spe/CAT) with the retroviral DNA encoding RelA, Rel or devoid of any insert (RCASBP) in CEF infected by the temperature sensitive mutant NY72-4 RSV. The activity of a minimal promoter controlled by three copies of the PRDII element was investigated in the same conditions (P3-TATA-CAT). As shown in Figure 8a , the mutation of the PRDII domain reduced considerably the activity of the CEF-4 promoter in normal and RSVtransformed CEF (mPRD/CAT) in agreement with the results obtained previously with the dominant negative mutant of p50NF-kB1 (see Figure 2 ). The addition of several copies of a mutant PRDII element to the minimal promoter did not result in any signi®cant increase in CAT activity at the permissive temperature (mP-TATA-CAT). In this analysis, the activity of the CEF-4 and PRDII controlled minimal promoter (Spe/CAT and P3-TATA-CAT) was de®ned as one in cells transfected with the parental retroviral vector, RCASBP, at the non-permissive temperature. The results of transient expression assays and mRNA analysis led to opposite views on the action of RelA. The Northern blotting analysis suggested that RelA is not capable to stimulate signi®cantly the expression of CEF-4 in the absence of a transforming v-src kinase while the results of the transfections indicated that RelA enhances markedly the activity of the CEF-4 promoter and PRDII domain on its own. CEF stably inected with the RCASBP-RelA or Rel virus have a poor survival rate after transfection and thus could not be investigated adequately in transient expression assays. Thus we cannot rule out the possibility that the CEF-4 promoter behaved differently in cells expressing RelA transiently and in a stable manner. To resolve this issue, we performed the analysis of CEF-4 transcription by run-on transcription assays. Nuclei were isolated from CEF stably infected with the RCASBP control virus or with the corresponding virus encoding RelA or Rel. CEF coinfected with NY72-4 RSV were also studied at the permissive temperature and compared to CEF singly infected and transformed by the wild type virus SR-A RSV. The values of transcription were obtained by quantitation of the signal in an Instant Imager and normalized using GAPDH as an internal standard. The results shown in Figure 9 demonstrate that the transcription of the CEF-4 gene is 10 (CEF-4 3'UTR) to 30 times (entire CEF-4 cDNA) more active in CEF infected with RCASBP-RelA than RCASBP, the control virus. These values were similar for CEF infected with SR-A and RCASBP-RelA although it is likely that they were actually higher in the latter case since intact nuclei are more dicult to isolate from these cells (Cabannes, unpublished results). Higher levels of transcription were also observed with the Rel virus (16-and sixfold stimulation for CEF-4 and the CEF-4 3'UTR, respectively) indicating that Rel stimulated the transcription of this gene. RelA also enhanced the transcription of IkB-a (12-fold), NF-kB1 (eightfold), c-rel (sixfold) and to a lesser extent p53 (threefold). The same conclusion was reached for the Rel virus (if one excludes the endogenous c-rel gene which could not be investigated in this analysis). In contrast, the transcription of c-myc was not altered signi®cantly in these cells. The same was true for the btubulin gene (data not shown). As suggested by the results of transient expression assays, the activation of pp60 v-src did not result in a synergistic activation of CEF-4 transcription in CEF expressing RelA or Rel (about a twofold stimulation in both cases). Control experiments indicated that the poor activation of CEF-4 expression by pp60 v-src in the RelA-expressing cells was not due to technical reasons such as a limiting amount of available plasmid dotted on the membrane. Therefore both RelA and Rel were capable to stimulate markedly the transcription of the CEF-4 gene in the absence of p60 v-src . These results also indicate that the stimulation of transcription induced by the ectopic expression of RelA and Rel was not sucient and that a separate event controlled by pp60 v-src was required to obtain a signi®cant accumulation of the CEF-4 mRNA. Since the transcription of the 3'UTR was also elevated in this analysis, premature termination cannot account for the absence of CEF-4 mRNA expression in CEF infected with RCASBP-RelA or Rel. Therefore it is likely that the strong induction of the CEF-4 mRNA was regulated by pp60 v-src primarily at a post-transcriptional level in cells expressing RelA or Rel.
Transcriptional activation of kB-controlled genes in RSV-transformed CEF Interestingly, we found that the transcription of IkB-a, p105NF-kB1, c-rel and to a lesser extent p53 was also stimulated in SR-A RSV transformed CEF (compare lanes 1 and 2 in Figure 9 ) and in NY72-4 RSV-infected CEF at the permissive temperature (lane 3). This stimulation was more modest than that of CEF-4 ranging from threefold for p53, ®vefold for IkB-a to sixfold for p105NF-kB1. Northern blotting analysis had previously indicated that the mRNA for all of these genes but IkB-a did not accumulate in RSVtransformed CEF. Therefore the transformation of CEF by the v-src oncogene resulted in the transcriptional activation of several genes without the concomitant accumulation of the corresponding mRNA ( Figure 5 and data not shown). While we do not know if NF-kB was indeed involved in the expression of these genes, it is clear however that transcriptional activation by pp60 v-src was widespread. This observation raises the possibility that selectivity in the expression of these kB-controlled genes is also determined at the post-transcriptional level in v-src transformed CEF.
Discussion
The expression of several genes is enhanced in CEF transformed by the Rous sarcoma virus . This induction is often controlled at the transcriptional level through the activation of factors binding to oncogene-responsive domains of the promoter. The TPA-responsive-element or TRE and the Ets-binding site are commonly found in the (7) symbol in lanes 1 ± 5 and 11 ± 15 and corresponds to cells maintained at the non-permissive temperature. The plus (+) symbol indicates that the cells were transferred to the permissive temperature for 24 h before preparation of the nuclear extract. In cells expressing RelA, three dierent complexes designated R-I, R-II and R-III are indicated by arrows. The supershift induced by the addition of the RelA antiserum is indicated by the arrowhead. The same assay was performed with an antigen-neutralized antiserum (lanes 5 and 10). In cells expressing Rel, a broad complex is observed and supershifted (arrowhead) by the addition of increasing quantities of Rel antiserum as indicated by the + and ++ symbols. The speci®city of the complexes was assessed by the addition of a 60-fold excess of unlabelled homologous (wt PRDII; lanes 2, 7, 12 and 17) or mutant (m PRDII; lanes 3, 8, 13 and 18) oligonucleotide. (b) The presence of avian p50NF-kB1 in the RelA or Rel complexes was investigated by the same approach using the T66 p50 antiserum and corresponding pre-immune serum regulatory regions of oncogene-responsive genes. The c-jun protein has also been implicated in the activation of the cAMP-response element (CRE) in the promoter of the prostaglandin synthase gene by pp60 v-src (Xie and Herschman, 1995) .
In our analysis of CEF-4 expression, we have identi®ed the PRDII domain as a regulatory element essential for the activity of the CEF-4 promoter in RSV-transformed CEF . Several lines of evidence point to a factor of the NF-kB family as the relevant target of pp60 v-src in CEF4/9E3. First the expression of a dominant negative mutant of p50NF-kB1 reduced the activity of the CEF-4 promoter and of a minimal promoter controlled by multiple PRDII domains in RSV-transformed CEF (Figure 2) . Secondly, we demonstrated that p50 is part of the majority if not all factors binding to PRDII in these cells (Figure 1) . Thirdly, since the activity of PRDII was reduced by the expression of IkB-a (Table  1) , it is likely that a second member of the NF-kB family sensitive to IkB-a is part of the PRDII binding factor of RSV-transformed CEF. While this protein remains to be identi®ed, our results are consistent with the idea that pp60 v-src activates an NF-kB-like factor responsible for the induction of PRDII and CEF-4 promoter in CEF. In agreement with this conclusion, we and others have found that pp60 v-src stimulates the activity of the HIV-1 LTR in a manner dependent on the two NF-kB binding sites of the enhancer (Bruder et al., 1993; Dehbi et al., 1994; Eicher et al., 1994) . Eicher and his collaborators have also reported that pp60 v-src induces the translocation of the p50/p65 heterodimer of NF-kB in the nucleus of T lymphocytes.
It is intriguing that so few kB-controlled genes have been identi®ed as v-src responsive. We have investigated this question by examining the expression of several known kB-controlled genes in RSV-transformed CEF. We found that pp60 v-src does stimulate the transcription of NF-kB1, p53, c-rel and IkB-a but modestly when compared to that of CEF-4 (Figure 9) . A modest accumulation of the IkB-a mRNA (2 ± 3-fold) was observed in SR-A RSV transformed CEF. Since the expression of the IkB-a mRNA is apparently not controlled post-transcriptionally and is a good indicator of the level of NF-kB activity in the cell ( Figure 5 ; Scott et al., 1993; Hrdlickova et al., 1995), pp60 v-src appears to be a poor inducer of NF-kB in CEF. We did observe a stimulatory action of pp60 v-src on the expression of most kB-controlled genes in CEF expressing RelA ectopically (but not Rel) implying that pp60 v-src interacts with the pathway controlling RelA; however this eect was modest (Figure 5b) . The steady state level and mobility on gel of IkB-a and unprocessed p105 was not modi®ed by the activation of pp60 v-src in the RelA or Rel expressing cells. Both RelA and Rel were also largely cytoplasmic at the permissive temperature (our unpublished results). Thus all results are consistent with pp60 v-src being a weak inducer of NF-kB in CEF. Several viral gene products induce a prolonged translocation of NF-kB to the nucleus and the expression of kB-controlled genes. This activation of NF-kB is generally dependent on increased turnover of IkB-a and/or IkB-b. In addition, virally infected cells with increased NF-kB activity express elevated levels of the NF-kB1 and IkB-a mRNAs (Arima et al., 1991; Kowalik et al., 1993; Lacoste et al., 1995; Herrero et al., 1995; Good and Sun, 1996; Schmitz et al., 1996) . While we did not examine the level of IkB-b or IkB-e in RSVtransformed CEF, no major change in the expression of NF-kB1 or IkB-a was observed in these cells ( Figure  5 and data not shown). Dierent kB elements were also investigated and shown to be equally well activated by pp60 v-src suggesting that selectivity in promoter activation does not depend on the nature of the kB site (our unpublished results). Thus it is more likely that the dierence in the activation of kB-controlled genes depends in part on the presence of other elements recognized by unrelated transcription factors in the promoter of genes such as CEF-4. A similar conclusion has been reached for the expression of kB-controlled genes in mice de®cient for IkB-a and with elevated NFkB activity (Beg et al., 1995) . In the case of CEF-4, the AP-1 binding site and the CAAT box of the SRU appear to be responsible for the strong induction by pp60 v-src . There are several reasons why a gene harbouring one or several oncogene-responsive promoter elements might not be fully activated by pp60 v-src . The regulatory region of a gene is generally composed of multiple domains. In many instances these domains function cooperatively to provide a more potent activation and to de®ne the speci®city of expression in response to various inducers (Fromental et al., 1988) . In the most extreme cases such as that of the human interferon b gene, cooperation is obligatory and expression occurs only after the precise assembly of distinct factors on the enhancer/promoter region. This feature explains why the human interferon b gene is activated primarily in response to virus infection while it is controlled by transcription factors regulated by a wide variety of inducers such as NF-kB (Du et al., 1993) . Hence the activation of an NF-kB-like factor by pp60 v-src , as implied by the results described above, may lead to the activation of a restricted subset of genes because interacting factors may or may not be activated by transformation. Some gene products are also part of a negative loop of self-regulation. The best example of this pattern is provided by the c-fos protein whose expression is activated in response to several mitogens and growth factors but which inhibits its own promoter. Hence the activation of c-fos is transient and does not become constitutive despite the continued presence of an inducer. In agreement with this notion pp60 v-src activates the c-fos promoter (Fuji et al., 1989) but only transiently and the c-fos mRNA does not accumulate in cells stably transformed by v-src (Welham et al., 1990; Jahner and Hunter, 1991) . It has been shown that Rel represses its own promoter through a site unrelated to the kB element (Hannink and Temin, 1990; Capobianco and Gilmore, 1991) . However we have observed that the expression of the endogenous c-rel mRNA is not modi®ed by ectopic expression of the c-rel cDNA and is modestly activated in cells expressing RelA ectopically suggesting that this negative regulatory mechanism is not always dominant (Figures 5 and 9) .
Our results provide a third explanation for the poor expression of NF-kB controlled genes. Indeed we found that the transcription of IkB-a, NF-kB1, c-rel and, to a lesser extent, p53, was elevated in CEF transformed by SR-A RSV or NY72-4 RSV at the permissive temperature (Figure 9 ). However, Northern blotting analysis indicated that all corresponding mRNAs but the IkB-a transcript did not accumulate in v-src transformed CEF (Figure 5 ; Vives, 1995; our unpublished results). Therefore transcriptional activation was not sucient and a post-transcriptional level of regulation was required to obtain a signi®cant expression at the mRNA level. The most eloquent example of this pattern of expression was provided by the CEF-4 gene whose transcription was markedly elevated by the ectopic expression of RelA or Rel. Despite this activation only a modest accumulation of the CEF-4 mRNA was observed in these cells ( Figures  5 and 9 ). The activation of pp60 v-src resulted in a 3 ± 6-fold stimulation of transcription but a considerable super-induction of the CEF-4 mRNA (15 ± 30-fold). Since transcriptional activation was also observed with a fragment of DNA corresponding to the 3'UTR of the CEF-4 gene, it is unlikely that premature termination could account for the lack of CEF-4 mRNA accumulation in RelA-or Rel-expressing cells. Therefore pp60
v-src acted primarily at a post-transcriptional level to control the expression of the CEF-4 transcript in cells expressing RelA or Rel ectopically. This activation was not observed for other mRNA species implying a selective mechanism of activation restricted to CEF-4. We completed a more systematic analysis of the NF-kB1 mRNA by RNAse protection assays and failed to detect any signi®cant accumulation despite the fact that our results indicated a sixfold stimulation in the transcription of this gene in RSV-transformed CEF (Figure 9 ; Vives, 1995) . Blobel and Hanafusa (1991) reported that the 3'UTR of CEF-4 confers v-src responsiveness to the activity of an heterologous promoter. We reported previously that the CEF-4 mRNA is about three times more stable in RSVtransformed (BeÂ dard et al., 1987) . While this increase in mRNA half life is consistent with a role for pp60 v-src in the post-transcriptional control of CEF-4, it is not sucient to account for the spectacular accumulation of the transcript in the RelA-and Rel-expressing cells. A dierent level of post-transcriptional control may be involved in the expression of the CEF-4 transcript. This question is currently under investigation.
Albeit modest, the eect of pp60 v-src on the transcription of kB-controlled genes appeared to be widespread while the expression at the mRNA level was more restricted. Groudine and Weintraub (1980) concluded that RSV-transformed CEF express as many as 1000 new nuclear RNA species but that only 10% of these single copy sequences are represented in cytoplasmic RNA. The data presented in this report and the results of several cDNA cloning studies support the conclusions reached by these investigators. Therefore the selectivity in the expression of v-src inducible genes appears to be determined by both transcriptional and post-transcriptional mechanisms of regulation.
Materials and methods

Cell culture
Early passages of CEF were grown at 41.58C in Richterimproved minimal essential medium supplemented with 5% heat-inactivated newborn bovine serum (Cansera; Rexdale, Ontario, Canada), 5% tryptose phosphate broth, glutamine, penicillin, and streptomycin. CEF were infected with the wt SR-A strain of RSV or the ts mutants NY72-4 RSV also LA90 RSV strain A viruses. All experiments were done on actively proliferating cells growing in 100 mm dishes. (s) is present in the corresponding constructs of the CEF-4 and minimal promoter (mPRD/CAT and mP-TATA-CAT, respectively). 2.5 mg of the CAT promoter construct DNA were co-transfected with 10 mg of an expression vector for RelA (RCASBP-65, b), Rel (RCASBP-REL, c) or with the insertless control vector (RCASBP, a) in CEF infected with ts NY72-4 RSV. The levels of CAT activity were determined in cells maintained at the non-permissive temperature or transferred to the permissive temperature for 24 h. The results were quantitated in an Instant Imager and normalized for the value obtained with Spe/CAT or P3-TATA-CAT at the non-permissive temperature in the presence of the RCASBP control vector (de®ned as one)
Construction and expression of replication-competent retroviruses
The chicken c-rel cDNA in a Bluescript plasmid (Stratagene) was cut by HpaII and the 1.8 kb fragment (nucleotides 16 to 1864 of c-rel) was inserted into the compatible ClaI site of RCASBP (sub-group B; Petropoulos and Hughes, 1991) . The construction of the RCASBP (B) vectors expressing the chicken p105NF-kB1 or IkB-g and the human p100NF-kB2, p65RelA and Bcl-3 proteins required a cloning step into the CLA12 adaptor plasmid (Hughes et al., 1987) . The full length p105NF-kB1, p100NF-kB2 and Bcl-3 cDNAs were cut by EcoRI and cloned into the EcoRI site of CLA12. The IkB-g adaptor vector was generated by inserting the XbaI ± EcoRI fragment of the p105NF-kB1 cDNA (nucleotides 1254 to 3846) into the XbaI and EcoRI sites of CLA12. The p65RelA cDNA cloned in Bluescript was digested with XhoI and HindIII and inserted in the CLA 12 vector cut with SalI and HindIII. These recombinant CLA 12 plasmids were cut by ClaI and the fragments containing the cDNAs were cloned into the ClaI site of the RCASBP (B) vector. The RCASBP ts v-src (A) vector expressing the pp60 v-src oncoprotein of the ts mutant LA90 RSV was constructed by insertion of the ClaI fragment of plasmid pLNCXtsUP1 (Maroney et al., 1992) into the ClaI site of RCASBP (A).
The transfection of CEF with plasmids containing the dierent replication-competent retroviral genomes was performed by the calcium phosphate method. Ten micrograms of retroviral DNA and ten micrograms of carrier DNA were transfected per 100 mm dish. Double infected CEF were obtained by mixing equal amount of singly infected cells 4 ± 6 days after transfection. The cells were then split twice and used for a period of about 2 weeks.
Cloning of the chicken p105NF-kB1 cDNA
The NcoI fragment of 1.1 kb containing the Rel-homology and glycine-rich domains of the human p105NF-kB1 cDNA was used to screen 10 6 clones of a normal CEF cDNA library described previously (BeÂ dard et al., 1987 (BeÂ dard et al., , 1989 . The longest clone of 3846 nucleotides (no.86) was further characterized and sequenced. The open reading frame of 2952 nucleotides is preceded by a 5' untranslated GC-rich region of 223 nucleotides. The sequence of our clone is 99% identical to that reported by Copabianco et al. (1992) but diers by the existence of an additional 185 nucleotides at the 3' end; this segment contains a polyadenylation signal (position 3833) followed by a poly A tail suggesting that it corresponds to the mature 3' end of the p105NF-kB1 mRNA sequence. The sequence of the chicken p105NF-kB cDNA can be found in the genebank under accession number AF000241.
Antibodies, immunoprecipitation and Western blotting analyses
Chicken p50 NF-kB1 antiserum no. T66 was generated with a synthetic peptide corresponding to amino acids 1 to 13 of the protein (Chiron Mimotopes, Raleigh, NC), coupled to keyhole limpet haemocyanin and injected in a rabbit as described previously (BeÂ dard et al., 1989) . Chicken IkB-g antiserum no. 1 was generated with a fusion of the maltose binding protein (MBP) and IkB-g (amino acids 527 to 984 of p105NF-kB1). The fusion protein was puri®ed on anity resin for the MBP, cleaved by factor Xa (New England Biolabs, Beverley, MA) and the IkB-g moiety was isolated by polyacrylamide gel electrophoresis. Antisera against chicken Rel and IkB-a, and the human Bcl 3 protein were kindly provided by Dr P Enrietto, H Bose and T McKeithan, respectively. Antibodies for the human p65RelA and p52NF-kB2 proteins were purchased from Santa Cruz Biotechnology, Santa Cruz, CA (cat no. sc-109X and sc-298X, respectively). Cell extracts were subjected to SDS ± PAGE and blotted onto nitrocellulose (Schleicher & Schuell, BA85). The kB factors were detected with the corresponding antiserum followed by the incubation with a peroxidase-conjugated secondary antibody (Pierce, Rockford, IL) and a chemiluminescent reaction (ECL, A mers ham). Metabolic l abelli ng of C EF with [
35 S]methionine and the immunoprecipitation of the CEF-4 cytokine was performed essentially as described in Gonneville et al. (1991) .
Immuno¯uorescence
Cells were grown on coverslips, ®xed in 3.7% formaldehyde in PBS during 15 min at room temperature followed by a permeabilizing treatment for 5 min using 0.1% Triton X-100 in phosphate buered saline (PBS). The incubation with antisera against the kB factors was performed in 10% fetal calf serum in PBS during 1 h at room temperature followed by a 2 h incubation with a¯uorescein-conjugated secondary antibody (Cappel Research Products, Durham, NC) at a 1 : 100 dilution in PBS containing 10% fetal calf serum. Samples were treated with a solution of 2 mg/ml of RNAse A in 0.3% Triton X-100 in PBS and stained for 1 h with propidium iodide (1 mg/ml in PBS at room temperature). Between each step, the samples were extensively washed with PBS. Coverslips with stained cells were mounted in 70% glycerol and 0.1% phenylenediamine (w/v) in PBS.
Northern blotting analysis
RNA samples were prepared and analysed on formaldehyde-agarose gels as described previously (BeÂ dard et al., 1987) with the modi®cation that nitrocellulose (Schleicher & Schuell, BA85) was used instead of Nytran to reduce the background. Plasmids containing the dierent cDNAs used in this study were radiolabelled with [a 32 P]dATP by the random priming method of Feinberg and Vogelstein (1983) using commercially available reagents (New England Biolabs, Beverley, MA). The expression of c-rel was analysed with a probe corresponding to the 3' untranslated region of the gene (StuI fragment, nucleotides 2947 to 3728) not included in the c-rel cDNA inserted in the RCASBP retroviral vector. Signals on Northern blots were quantitated in an Instant Imager (Packard, Meriden, CT) before autoradiography.
Nuclear run-on transcription assays
Run-on transcription assays were performed as described previously with the modi®cation that nuclei were isolated from approximately 5610 7 cells and resuspended in a transcription buer containing 250 mCi of [a-
32 P]UTP.
Electrophoretic mobility shift assay (EMSA)
Preparation of nuclear extracts was performed as described previously . For binding reactions, 2 mg of nuclear extracts were incubated with approximately 0.1 ng (10 000 c.p.m.) of end-labelled PRDII/kB probe in the presence of poly(dI-dC) as a nonspeci®c DNA competitor (from 0.1 to 2 mg). Reactions were done in a ®nal volume of 20 ml containing 10 mM Tris-HCl (pH 7.5), 1 mM dithiothreitol, 0.1 mM EDTA, 5 mM MgCl 2 and 5% glycerol at room temperature for 30 min. In competition analyses, an excess of unlabelled oligonucleotides was included in the binding mixture 15 min prior to the addition of the labelled probe. Similarly, in gel supershift analysis the antibody was added 15 min prior to the addition of the probe. When available, as a control, the antibody was incubated with an excess of antigen for 1 h on ice before addition to the reaction.
Transient expression and CAT assays
The transient expresssion and CAT assays have been described previously . The Spe/CAT construct includes nucleotides 7214 to +36 of the 5' anking and transcribed region of the CEF-4 gene . Construct mPRDII/CAT is an equivalent construct harbouring a mutation in the PRDII domain of the promoter. Plasmids P3-TATA-CAT, kB4-TATA-CAT, TRE3-TATA-CAT and mP-TATA-CAT contain multiple copies of PRDII, the HIV1 kB element, TPA-responsive element or mutant PRDII domain respectively inserted in the minimal promoter vector pJFCAT/TATA (Dehbi et al., 1994) . The latter consists of a TATAAAA box fused to the initiation start site of the human b globin gene. CEF were seeded at a density of 2610 6 cells per 100 mm dish a day prior to transfection. A total of 20 mg of DNA containing 2.5 mg of the CAT reporter vector, eector plasmid DNA and carrier salmon sperm DNA was transfected by the DEAE-dextran method (Lopata et al., 1984 ; see the Figure  legends for the exact amount of each plasmid). Cells were lysed 44 h after transfection. We have observed as reported elsewhere (Kralova et al., 1994) that the levels of bgalactosidase expressed by a LacZ gene under the control of the RSV promoter were considerably reduced in cells overexpressing Rel-A or Rel. Hence the bgal vector was omitted in these studies and lysates containing an equal amount of proteins were assayed for chloramphenicol acetyl transferase activity. Conversion levels of chloramphenicol into the acetylated derivatives were determined after quantitation in an Instant Imager. Several incubations with dierent amounts of proteins were performed in parallel to ensure that the reaction was in the linear range. All test plasmids were analysed in duplicate samples in at least three separate experiments.
